Abstract
. A total of 151 cities showed low fluoride levels (<0.30 mg/L) and 13 were just below optimum fluoride concentration in the drinking water (0.31-0.59 
Introduction
In the Northeastern region of Brazil some inland cities from Paraíba and Ceará have moderate to high natural fluoride levels (>1.0 mg/L) in the drinking water resulting in high prevalence of dental fluorosis and some severe cases [1] [2] [3] . In Rio Grande do Norte, Paz et al. 4 observed natural fluoride concentrations up to 1.1 ppm (mg/L), and in such areas severe cases of dental fluorosis is likely to occur due to high local temperatures and a high consumption of rich fluoride drinking water.
It is estimated that in the Northeastern region of Brazil only 16.5% of the cities have water fluoridation systems 5 . Therefore, the recent federal program named "Brasil Sorridente" has given the opportunity to implement water fluoridation systems in many cities of the Northeastern region where technical requirements for potable water are accomplished 6, 7 . Evaluation of the natural fluoride concentration in the drinking water is important since this information is relevant to establish the ideal concentration of fluoride in the drinking water in accordance to the mean annual temperature 8, 9 . The mean annual temperature in Piauí is around 28ºC 10 . Therefore, the optimal fluoride concentration in the drinking water is around 0.7 mg/L with accepted values between 0.6 and 0.8 mg/L 11 . In Piauí, three cities have artificial water fluoridation systems: Parnaíba, Floriano and Teresina 12, 13 . The Parnaíba River is the only source of water for these cities and the residual fluoride concentration is low 14 . However, the state of Piauí has a great deal of its territory placed in the semi-arid region where wells are the only source of drinking water available 10 . The probability of having higher fluoride concentrations in underground waters than in surface waters has already been observed in many parts of the world including in the Northeast region of Brazil 3,15 . Thus, the aim of this study was to determine the natural fluoride concentration in public water supplies in Piauí State, Brazil, in order to identify cities at risk for high prevalence of dental fluorosis.
Methods

Areas under study
The state of Piauí has 222 cities and an estimated population of 2,843,278 inhabitants 16 . It is also estimated that 63% lives in urban areas (1,788,590 inhabitants). The annual average temperature in Piauí is high and around 28ºC in most part of its territory 10 .
Water samples collection and analysis
In each city at least two samples of the drinking water were collected. One sample was from the main public water supply and another from a public or residential tap from the same source. The Health Secretariat of the State of Piauí (SESA-PI) informed to all local authorities about the methodology of water samples collection. The samples were collected by local sanitary vigilance workers. Plastic recipients of 500 mL were distributed and they were requested to identify the samples (city, address, date of collection and water source) in accordance to methods reported by Funasa, 2004 17 . Just after collection, the samples were transported by fast mail to the Laboratory of Oral Biology at Federal University of Paraíba where the analyses were carried out.
All the samples were analyzed within 30 days after collection. The procedures were in duplicate using a fluoride specific electrode (Orion model 9609, Orion Research Inc., USA) coupled to an ion analyzer meter (Orion model 710-A, Orion Research Inc., USA). The samples were analyzed in 1:1 with TISAB II. Calibration was frequently carried out with fresh fluoride standards of 1 mL of 0.2 up to 1.6 mg/L. The data in mV were transformed in µg of fluoride and in fluoride concentration (mg/L) using a Windows-Excel file. Only calibration curves with variation in percentage until 5% for all standards and r³0.99 were accepted.
The mean SD of the residual fluoride concentrations of each city was calculated from the two samples obtained. The mean SD of few cities was calculated from three or four original samples due to different water sources in the same urban area. The data were classified according to the fluoride concentration in mg/L in four groups: 1) from 0.01 to 0.30 mg/L (very low F concentration); 2) from 0.31 to 0.59 mg/L (low F concentration); 3) from 0.60 to 0.80 mg/L (optimum F concentration) and 4) above 0.81 mg/L (high F concentration).
Results
From 222 towns in Piauí, 164 (73.8%) samples were sent for fluoride analyses. Based on the estimates of IBGE, 2000 16 , the urban population of all these cities corresponds to 92.5% (1,654,536 inhabitants) from the total urban population in Piauí (1,788,590 inhabitants) .
In Table 1 , it is observed that 151 cities presented very low natural F concentration, whereas 13 showed low natural F concentration. Table 2 shows that the 13 cities with low natural F concentrations in the drinking water are in small cities covering approximately 80,000 inhabitants. Table 3 lists all cities according to their distribution in the regional health offices and natural F concentration in the water. Table 4 relates the official data of caries as DMFT recorded by SB Brasil (2003) in the same cities where water samples could be analyzed. Note that for Teresina artificial water fluoridation is available.
Discussion
This work applied standard methodologies to collect and determine water fluoride concentrations 9, 17 . The set up of two samples of the main water source from urban areas was established due to fact that in few cities of Piauí a record of more than one source of water could take place particular during drought periods 19 . However, there are few publications about water quality and supplies in Piauí. Water quality vigilance is implemented in 171 cities and so far there is no data about natural fluoride concentrations in these cities 18 . From the 222 cities contacted 74% responded and sent water samples for analysis (Table 1) . It can be estimated that this work covers drinking water sources of almost all inhabitants of the urban areas in Piauí
16
. The 58 cities that are not covered in this research would give water samples of small cities that represent only 7.5% of the total urban population in the state. Table 1 . Number of cities according to the natural fluoride levels in the drinking water and estimated population exposed. (Table  2 and 3 ). This level of fluoride is close to "optimal" fluoride concentration in the water according to the local mean annual temperature. Two other cities were also close to these values. However, most of them have few inhabitants. The most populated city with natural fluoride in the water was São Raimundo Nonato with an estimated population of almost 20 thousand inhabitants. Seven cities with natural fluoride levels above 0.3 mg/L are located in the Central and Southeast part of the state in four Health Regional Offices numbers: IX, XI, XVI and XVII. This was expected since in the Northeast region the presence of natural fluoride is higher in wells located in crystalline soils in the semi-arid zone 3 . Therefore, it can be expected that most of the cities with natural F concentrations close to 0.5 mg/L would be closer to Ceará border where a similar situation can be observed 1 . This is probably the region in Piauí where rural communities might have elevated fluoride levels in the drinking water due to its geological pattern of crystalline soils 3 . The F concentrations data obtained in this study represent a punctual value of fluoride for each city and do not reflect possible fluoride fluctuations. However, one cannot disregard the fact that the data can provide an estimate of fluoride exposure among the permanent residents of those cities. For those cities with F concentrations above 0.5 mg/mL, the data are relevant because it can indicate a moderate or a high fluoride intake among children and consequently a potential risk for dental fluorosis. Most cities in Piauí showed low natural F concentrations in the drinking water, but these data of low F exposure from the water are important because they are the basic technical information for implementing water fluoridation programs in the near future 5 . Although few cities had been investigated for dental caries in Piauí, Table 4 gives a rough picture that fluoride in the drinking water can play a role for controlling caries prevalence. Recently, Ramirez et al. 20 pointed out several positive arguments for implementing water fluoridation in * DMFT data from SB-Brasil 18 . areas where caries is a prevalent condition. The fact that water fluoridation does not have a selective risk approach for controlling caries is not a strong argument to avoid its implementation. In Piauí, as well as in many states in the Northeastern region, water fluoridation might be questioned more due to economical, political and philosophical reasons rather than scientific ones. Certainly the use of fluoridated dental products and other related variables for caries control cannot be disregarded for a complete evaluation about fluoride exposures 21, 22 . Regarding dental fluorosis, it is very unlikely that the severe cases of dental fluorosis, if there is any, can be attributed solely to the natural F in the drinking water. Cities in the Northeastern region with 0.4 mg/L of fluoride show in general 20% of children with dental fluorosis and most of them without aesthetic concern 23 . However, fluoride intake among children in living in the Northeastern regions suggests that the F-intake is 2 fold higher than in children from the Southeastern region of the country 24 . This is mainly due to the use of 1,500 ppm fluoridated toothpaste for children. How far this is also a trend in Piauí, this is a matter of investigation. A survey about the consumption of fluoridated dentifrice by children in Piauí and its contribution for dental fluorosis is warranted since contribution of water F in many cities can be already estimated.
Conclusion
It can be concluded that most of the cities in Piauí have low fluoride concentration in the drinking water. The risk for a high prevalence of dental fluorosis in these urban areas due to the natural fluoride content in the water supplies is very unlikely. Thus, for the majority of the cities of Piauí, surveys about the dental fluorosis prevalence should be related with data about the consumption of fluoridated dentifrices and other fluoride sources.
